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ABSTRACT 



Disclosed is a dynamic tire testing apparatus with an 
infrnrpd sensor disposed near a rotating, loaded tire 
and an alarm apparatus t hat indicates the presence of 
a predetermined level of infrared emissions from the 
W indicating faults therein . Included in the alarm ap- 
paratus is a non-linear amplifier that provides one 
level of amplification for values of signals below a pre- 
determined minimum amplitude level and a second; 
higher level of amplification for signals in excess of 
the predetermined minimum level. Signal to noise 
.contrast is improved by proper selection of the mini- 
mum level. The tire load can be provided from a road 
to a tire mounted on a moving automob ile or by a 

rjr^ssuiejcolie]^ A,so 
included is a keying apparatus to track the angular po- 
sition of the tire under test and a monitor that is re- 
sponsive to both the . keying apparatus and the alarm 
to indicate the location of faults in the tire under test. 
. .The nonlinear amplifier disclosed herein is also useful 
in conjunction with other radiation detectors that are 
sensitive to, for example, microwaves, ultrasonics, etc. 



9 Claims, 3 Drawing Figures 
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NON-LINEAR AMPLIFICATION TECHNIQUE FOR for example, on an automobile. A signal apparatus re- 

IMPROVING SIGNAL TO NOISE CONTRAST „ ceives the sensor output and provides an alarm signal 

in response to excessive amounts of infrared radiation 

ORIGIN OF THE INVENTION indicating a localized defect or fault in the tire. How- 

The invention described herein was made by an em- 5 ever, as mentioned previously, the signal to noise con- 

ployee of the United States Government and may be trast of the sensor output signal is very low. Conse- 

manufactured and used by or for the Government for quendy, a non-linear amplifier is included within the 

governmental purposes without the payment of any signal apparatus. The amplifier provides a low level of 

royalties thereon or therefor. amplification for signal values below a minimum ampli- 

10 tude and a second, higher level of amplification for sig- 

BACKGROUND OF THE INVENTION na| values excee ding the minimum amplitude. A zener 

This invention relates to tire testing apparatus and coupling diode that passes signals exceeding a critical 

more particularly to dynamlcU re testi ng apparat us for level and inhibits signals below the critical level deter- 

locating faults within.a tire that is rotating under an ac- mines minimum amplitude to which the amplifier is 

tual or a simulated load. 15 sensitive and is selected so that, the mimimum ampli- 

Predicting tire failure before the fact is becoming tude is slightly greater than the anticipated peak noise 
more important as both automobile driving speeds and signal from the detector. Thus noise signals receive low 
highway congestion increase. Non-destructive tire tests level amplification while even a small defect signal pro- 
utilizing X-ray or ultrasonic techniques are known, but duces a signal component that exceeds the minimum 
they have not proven completely satisfactory. Draw- 20 amplitude and accordingly is subjected to a much 
backs include the cost of the equipment involved and higher level of amplification. In this way a significant 
the fact that tests are necessarily static. Thus the known enhancement, of signal to noise contrast is obtained 
tests are not practical in conjunction with a tire making possible the accurate detection of faults. It 
mounted on a moving automobile and cannot detect should be noted that this method of improving signal to 
tire faults that occur only after use. Obviously, a tester 25 noise contrast is also useful in conjunction with other 
that could continuously check for tire faults on a mov- types of detectors, as for example, microwave or ultra- 
ing vehicle would prevent many serious accidents. sonic detectors. 

Hysteresis eff ects generate heat in a tire when it is A feature of this invention is the inclusion of an ad- 
ririven~un7 |pr a fi?frr mm fl~~ 1r>qri f i"H*>r thpgp rfinflffifiifi justable bias circuit for the zener diode in the non- 
the £resence of certain forms of defects in the structur e 30 linear amplifier so that the critical level, and thus the 
of t he tire produce additional localized sources of heat. minimum amplitude to which the amplifier is sensitive, 
'Since hot bodies emit infrared radiation, the presence can be adjusted. This is advantageous inasmuch as a 
of these defects could, in principle, be detected by tire operated under a deforming load reaches a sub- 
emission of excess amounts of infrared radiation in the stantially steady state temperature but under different 
vicinity of the defects. Unfortunately, tire rubber is par- 35 circumstances that steady state temperature may be 
ticularly opaque to the short wavelength infrared radia- different. For example, considering a tire testing appa- 
tion involved so that the defects can only be detected ratus mounted on an automobile and thus utilized in 
by excess radiation emitted from areas of the surface of conjunction with tires under normal road use, it is ap- 
the tire that are heated by thermal diffusion from the parent that the steady state temperature of the tire will 
defect sources. Since the diffusion process heats a rela- 40 be substantially higher during the summer than during 
tively large surface area of the tire, the surface temper- the winter. The adjustable bias apparatus facilitates 
ature rise due to the defect is small. In addition, rota- changing the minimum amplitude as conditions change 
tion of the tire in air produces a temperature differen- and thus insures maximum sensitivity of the testing ap- 
tial between the outer, exposed surface of the tread and paratus under all conditions. 

the hotter, more sheltered areas in the grooves of the 45 Another embodiment of the ap parat us includes^a 
tire, and yet other temperature differentials between l arge pressure roller that simulates road use for ai?en ch 
the ribs and the slits therein. mounted test apparatus. The roller is independently 
.The infra r pH si g nnl detected by a s uitable^ stationary driven so that rotatably mount ed tires pressed there - 
detector mounted nea r the tir e will therefore fluctuate agains t ex perience conaitions similar to those^ejd aeri- 
in a manner tnat depends on the_apoye jflescribed-tern- encelTby a tront tire on an a utomobile . Thus inexpen- 
pera ture differentials and on the tread pattern. These si^benchnestifig^f tir^b^fore'use is possible under 
riuctuations limit the smallest delect signals tnat can be carefully controlled temperature conditions. Such pre- 
detected inasmuch as they reduce the signal to noise testing is convenient for determining inherent flaws in 
contrast. Consequently, conventional infrared detec-. 55 tires prior to their use. 

tors are unable to accurately distinguish between de- A feature of the bench testing embodiment is the in- 
fect signals and fluctuations due to tread pattern. elusion of a keying apparatus to track the angular posi- 
An object of this invention, therefore, is to provide tion of the tire under test and a monitor that is respon- 
a tire testing apparatus that is inexpensive and accurate sive to the keying apparatus and the alarm signal and 
and can perform dynamic infrared tire tests. It is a fur- 6Q indicates the location of any detected faults in the tire, 
ther object that the test apparatus be usable in a perma- The keying apparatus comprises a strip of aluminum 
nent test bench installation or mounted on a vehicle to foil affixed to the side wall of the tire and a photore- 
continuously monitor tires in use. sponsive diode to record each passage of the foil and 

~ ~. ~ ... „ , the monitor can be, for example, an oscilloscope with 

SUMMARY OF THE INVENTION ^ the photoresponsive diode con „ ec ted to the sync input. 

This invention is characterized by a tire testing appa- Thus, a new oscilloscope trace is started with each pas- 

ratus including an infrared sensor disposed near the sage of the aluminum foil by the photoresponsive diode 

tread of a tire being rotated under a deforming load, as and the location of the alarm signal with respect to the 
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total length of the oscilloscope trace locates the asso- ered to the zener coupling diode 46 in response to posi- 

ciated fault on the tire with respect to the foil strip and tive-excursions on the line 26 further back bias the di- 

the circumference. The ability to locate. faults and thus ode. If a large enough positive pulse is delivered on the 

examine them is useful to persons involved in the re- line 26, the negative pulse delivered to the diode 46 will 

search and development of tires. 5 be sufficient to cause breakdown and resulting reverse 

, „ ^ 1¥r , ^ . .,„ VT ^„ conduction through the diode 46 and a resistor 51 pro- 

DESCRIPTION OF THE DRAWINGS ducing a correspo * ding negative pulse at a junction 52. 

These and other features and objects of the present The critical level at the junction 44 that is required to 
invention will become more apparent upon a perusal of cause breakdown of the diode 46 is dependent on the 
the following description taken in conjunction with the 10 setting of the variable bias resistor 49 and thus the min- 
accompanying drawings wherein: imufn amplitude required on the line 26 is so depen- 

FIG. 1 is a schematic illustration of a tire test appara- dent. When the diode 46 conducts, the negative pulse 
tus; produced at the junction 52 is passed by a capacitor 53 

FIG. 2 is a schematic diagram of a non-linear ampli- to a second operational amplifier 54 and therein ampli- 
fier utilized in the test apparatus shown in FIG. 1; and 15 fled and inverted, providing a positive alarm signal on 

the line 28. As shown in FIG. 2, the line 28 is connected 

FIG. 3 is a diagram illustrating the voltage transfer to an audio alarm 55 rather than the oscilloscope 29, 
characteristics of the amplifier depicted in FIG. 2. either or both of which may be used as explained be- 

DESCRIPTION OF THEPREFERRED 20 '°* eferring nQW tQ FIG 3 ^ ^ $hown ^ ^ 

transfer characteristics of the non-linear amplifier 27. 
Referring first to FIG. 1 there, is shown a bench The sensor output is shown on the abscissa and the 
mounted tire test apparatus 21 including a tire 22 alarm signal is shown on the ordinate. For negative 
under test. The tire 22 is rotatably mounted with a voltages on the line 26 the output of the operational 
tread 23 thereof contacting a large pressure roller 24 25 amplifier 41 is positive and thus is blocked by the diode 
that is driven by a motor (not shown) so as to simulate 42 and the alarm voltage is zero. As the sensor output 
road. usage of the tir e/The force applied is sufficient to becomes more and more positive, but remains less than 
deform and cause wear of the tread 2 3. Disposed near the minimum amplitude (depicted by point M in FIG. 
the tread 23 of the tire 22 is an. infrared sensor 25 that 3) of the non-linear amplifier 27, the alarm voltage on 
detects infrared energy radiating from the tread and 30 the line 28 increases slowly as shown by a low amplifi- 
supplies an output signal on a line 26 in response cation curve 61. This increase is due only to reverse 
thereto. Depending upon the test accuracy desired, the leakage current through the zener diode 46. If a posi- 
sensor 25 can be sensitive to a relatively small, for ex - tive voltage with an amplitude greater than the mini- 
ample, 0.25 inch bv 0.25 inch area, nr a res tively large mum amplitude M is delivered on the line 26, the zener 
a rea, and it can _ be_stationarv or reciprocatively 3 5 diode 46 breaks down and so much of the negative volt- 
mounted so as _tQ.facilitate-scanning _of_the tread. Th e age thereon as exceeds the critical level is passed to the 
output signal on the line 26 is received by a non-linear amplifier 54. Thus, when the sensor output exceeds the 
amplifier 26 that provides one level of amplification for minimum amplitude M a portion thereof is freely 
values of the output signal below a minimum amplitude passed by the zener diode 46 and amplified by the am- 
and a second, higher level of amplification for values or 40 plifier 54 and the gain of the non-linear amplifier 27 in- 
portions of the output signal exceeding the minimum creases substantially as indicated by a steeper portion 
amplitude. The non-linear amplifier 27 provides an 62 of the response curve! 

alarm signal on a line 28 in response to predetermined During operation of the tire testing apparatus 21 

infrared radiation characteristics as indicated by the pressure roller 24 is rotated to drive the tire 22. Heat 

output signal. A monitor oscilloscope 29 receives the 45 generated by hysteresis in response, to the deformatio n 

alarm signal and provides a trace 31 with a peak 32, the of the tire 22 eventuaHv_DrQduces^an elevaten' , srpaHy 

significance of which will be explained below. Affixed s tate temperature within theltir^^ energy 

to a side wall of the tire 22 is' a strip of aluminum foil is emitted from the tread 23^d_detecte ^ fry the infra. 

33 that passes beneath a photodetector 34 during each red sensor 25. As mentione d preyip.^ly, th* artHitinn^j 

revolution of the tire. A keying line 35 connects the heat generated near faults in the tVe His wid ely^diL- 

photodetector 34 output to the sync input of the oscil- fused so that the, temperature maxima produced 

loscope 29. Thus, a new trace is begun by the oscillo- t hereby are small with respect AOJfoejyariaiicwsjdue^t aL 

scope 29 each time the foil strip 33 passes the photode- the tread pattern and the slits in the ribs . Accordingly, 

lector 34. the outputsignal on. the line 26 has a low signal to noise 

Referring now to FIG. 2 there is shown a schematic contrast. This signal to noise contrast is improved by 

diagram of the non-linear amplifier 27. The output sig- the non-linear amplifier 27 when the variable bias resis- 

nal on the line 26 is delivered to an operational ampli- tor 49 is set so that the minimum amplitude depicted 

fier41 that amplifies and inverts the signal so that posi- by the point M in FIG. 3 is slightly greater than the 

tive values thereof become negative values and there- 6Q peak amplitude value anticipated due to the* noise sig- 

fore are passed by a diode 42 and a resistor 43 to pro- nal as indicated by the point N. Under these conditions, 

duce negative signals at a junction 44. The output sig- the noise receives little amplification and the voltage 

nal is an a.c. signal and negative half cycles thereof ap- on the line 28 is a low steady state value as indicated 

pear at the junction 44 and are then passed to a bias re- by the point SS in FIG. 3. However, when a fault in th e 

sistor 45 and a zener coupling diode 46 by a capacitor 65 tire 22 passes near the sensor 25 the average level of 

47. A power supply 48 and an adjustable bias resistor t he signal on the line 26 increases slightlv.Such a sligh t 

49 back bias the zener diode 46 near its breakdown po- increase ordinarily would not be sufficient to trigger an 

tential. It will be noted that the negative pulses deliv- alarm. However, the peaks in the higher average signal 
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are now raised to the point F in FIG. 3, so that most of 
the voltage increase fails on the higher amplification 
portion 62 of the response curve. Thus, the alarm signal 
output, as indicated by. the point A in FIG. 3, is substan- 
tially higher than the steady state output. The slight in- 
crease in the output signal on the line 26 therefore pro- 
duces a substantial alarm signal on the line 28 and a re- 
sulting peak 32 on the oscilloscope 29. Since the oscil- 
loscope trace 31 begins with the passage of the foil strip 
33 below the photodetector 34, the position of the peak 
32 with respect to the overall length of the trace 31 in- 
dicates proportionally the position of the fault with re- 
spect to the foil strip and the circumference of the tire 
22 . It wil l-ha. ohviou f. tha t rhp t^ t app a r at us 21 can be 
u tilized j o detect fa ults in th^& l H u^lk m P Hih H i r T l 
ifihe sensor 2 5Js mounted g ^j a r^nt the -aidf * iwgll tn h < * - 
testea ana t ne"foil strip 33 is a ffix^ t^h^ppn&u*>Hnrt^ 
wall. In addition it will be noted that the non-linear am- 
plification technique disclosed is useful for other types 
of radiation detectors, for example, detectors respon- 
sive to microwave or ultrasonic radiation. The system 
disclosed is useful whenever an increase in signal to 
noise contrast is desired. 

Referring now to FIG. 2 it is noted that the oscillo- 
scope 29 is replaced with an audio alarm 55 that pro- 
duces an audio signal when the alarm signal is present 
on the line 28. The system shown in FIG. 2, (i.e., with- 
out the pressure roller 24 or the oscilloscope 29) can 
be mounted directly in a motor vehicle with the radia- 
tion sensor 25 disposed near the tread of a tire and the 
alarm 55. near the operator. The driving force for the 
tire is then supplied by the vehicle and the road. In such 
an application the system of FIG. 2 can be utilized to 
continuously monitor the condition of the tires on a 
moving vehicle. A separate detector would be used for 
each tire to be monitored. 

Obviously, many modifications and variations of the 
present invention are possible in light of the above 
teachings. For example, the zener diode 46 can be re- 
placed with a standard diode with a lower dopant con- 
centrate that provides the same reverse bias character- 
istics as a zener diode, it is to be understood, therefore, 
that the invention can be practiced otherwise than as 
specifically described. 



What is claimed is: 

1. Tire testing apparatus comprising: 

motive means for rotating a tire under test to simu- 
late road usage of the tire under a load; 

5 radiation sensor means disposed near the tire under 
test for sensing thermal infrared radiation emanat- 
ing therefrom and providing an output signal in re- 
sponse thereto; and 
signal means for receiving said output signal and pro- 

10 viding an alarm signal in response to predeter- 
mined characteristics thereof wherein said signal 
means comprises non-linear amplifier means for 
providing one level of amplification for values of 
said output signal below a minimum amplitude and 

15. a higher level of amplification for values of said 
output signal above said minimum amplitude so as 
to provide improved signal to noise contrast. 

2. Apparatus according to claim 1 wherein said non : 
linear amplifier means comprises a zener coupling 

20 diode for passing signals exceeding a critical level. 

3. Apparatus according to claim 1 wherein said non- 
linear amplifier means comprises adjustable bias means 
for selectively varying said critical level. 

4. Apparatus according to claim 1 wherein said radia- 
25 tion sensor is disposed near the tread of the tire under 

test. 

5. Apparatus according to claim 1 wherein said radia- 
tion sensor comprises an infrared sensor. 

6. Apparatus according to claim 1 including pressure 
30 roller means for contacting the tread of the tire under 

test so as to induce wear thereof. 

7; Apparatus according to claim 6 including keying 
means for providing a keying signal responsive to the 
angular position of the tire under test and monitoring 
35 means for indicating the location of hot-spots in the tire 
under test in response to said alarm and keying signals. 

8. Apparatus according to claim 7 wherein said moni- 
toring means comprises an oscilloscope. 
40 9. Apparatus according to claim 8 wherein said key- 
ing means comprises a photoresponsive means for pro- 
ducing a pulse in response to each revolution of the tire 
under test. 
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